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CHAPTER I 
INTRODUCTION 
A. The Problem 
In December, 1 963, a study of Interstate System highway accidents 
was published. 1 The published study presented an analysis of accident 
data compiled in sixteen states. Data were.collected from Interstate 
System highways and nearby existing highways before and after the com­
pletion of the Interstate System highways. The study reported that 
thirty-five percent of all collisions on the Interstate System highways 
were of the rear-end or same direction sideswipe type. For the existing 
highways, the percentages were thirty-nine and forty-one before the 
Interstate System highway completion and after the Interstate System 
highway completion, respectively. It was found that rear-end or same 
direction sideswipe collisions occurred more frequently than any other 
type o_f collision on the existing highways, and that this t ype of col­
lision occurred nearly as frequently as collisions with fixed opjects on 
the Interstate System highways. Collisions with fixed objects accounted 
for thirty-stx perc·ent of all Interstate System highway accidents. 
In view of the high percentage of rear-end or sa@e direction side­
swipe collisions occurring on all types of highways across the nation, 
one can clearly understand the need for research in the area of auto­
mobile safety. Not surprisingly, communications Jystems which would 
help eliminate the rear-end collisions have been investigated. 
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B. Previous Contributions 
As early as 1950, work began on a system of highway vehicle control. 
The final report of the work done was published in September, 1962. 2 
The report cited the threefold role of electronics in highway vehicle 
control. · These were to improve normal driver communications, to intro­
duce warning systems, and to eventually control directly portions of the 
driving procedure. Research was done in which a wire was imbedded in 
the center of the road lane. The wire was excited by a l ow frequency 
electric current. Magnetic sensors were placed on either side of a 
vehicle's front end. The magnetic sen�ors were used in conjunction with 
a servo unit that was connected to the steering mechanism of the vehicle. 
The magnetic sensors would sense the position of the vehicle relative to 
the imbedded wire and activate the servomechanisms to position the 
vehicle above the wire; hence guiding it down the road lane. Information 
about the presence and range of forward vehicles was provided by a series· 
of detection loops also imbedded in the road. When a vehicle was above 
one of the detection loops, the inductance of the loop would cqange, and 
the presence of the vehicle could be detected. Since the detection loops 
were placed ?long the entire l ength of the highway, the position and 
speed of all the vehicles on the highway could be determined. This infor­
mation was then relayed to the drivers of the vehicles. 
Dr. Joseph Treiterer, working at Ohio State University, has devised­
an infrared source-sensor system. 3 The source fqr the system was placed 
at the rear of the preceding vehicle. The source consisted of an infra­
red light that-was pulsed at a rate which was a direct function of the 
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vehicle's speed. A sensor in the trailing vehicle was used to detect 
the infrared signal and to convert this signal into speed information. 
The sensing unit was placed at the front of the trailing vehicle. The 
preceding vehicle's speed was subtracted from the following vehicle's 
speed and displayed on a meter inside the following vehicle. In this 
manner the driver of the following vehicle was made aware that he was 
within the range of the infrared system's operation and of the difference 
of the speeds of the vehicles. 
Also at Ohio State University, engineers in the communications and 
control systems laboratory have developed a joy-stick control for high­
way vehicles.4 The joy-stick incorporated a tactile warning finger 
which was a segment of the control stick handle. The warning finger was 
movable and positioned by an analog computer. The amount of finger 
movement was a function of the preceding vehicle's speed and range. The 
range and speed sensing equipment were simulated by programming the com­
puter. The tactile finger that relayed the speed and range information 
to the driver operating the joy-stick control was said to enable the 
driver to detect changes in speed and range which were beyond the visual 
threshold. 
Engineers at Airborne Instruments Laboratory have also developed an 
infrared device.5 They too advocate a system that would broadcast the 
vehicle's speed constantly. However, they propose a_ system which uses 
pulsed infrared light where the pulse rate is an inverse function of the 
vehicle's speed. Also, they suggest that the broadcasted speed in.for-
mation be detected not only by following vehicles, but also by roadside 
4 
sensors. The information received by the roadside sensors could then be 
relayed to traffic control centers for use by the highway control author­
ities. Thus, they would use a communications system which could commun­
icate from road authority to vehicles, from vehicles to road authority, 
and from vehicle to vehicle. 
Engineers at Ford Motor Company have developed a system for auto-
matic headway control. 6 Their system operated by sending a modulated 
infrared signal forward from the equipped vehicle. When the infrared 
signal struck a forward vehicle, part of the signal was reflected back 
to the equipped vehicle. The reflected signal was used in the same man­
ner that a reflected radar signal is used to determine the distance 
between the two vehicles. The spacing information obtained was sent to 
a small computer along with the speed data of the equipped vehicle. 
The computer was used to determine the proper spacing between the vehi­
cles and to operate servomechanisms to maintain the proper spacing 
between the vehicles. 
General _Motors Research Laboratory has contributed to the research 
on highway vehicular communications. 7 Work has been done there to de­
velop a system which would alert a driver to road conditions, and allow 
him to call aid and information centers. 
Additional information about some of the progra�s previously des­
cribed and other projects were presented in a special issue on transpor-· 
tation of the Proceedings of the IEEE. 8 The special issue contain$ an 
entire section on specific systems and cbmponents, as well as numerous 
articles of philosophic interest. 
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C. This Project 
With the dawn of integrated circuit technology, electronic systems 
that woul d have been nearly impossible �o design and construct previously 
because of.spacial, practical, and monetary considerations are now not 
only possible, but they are practical and inexpensive. Therefore, an 
electronics approach to the problem-of vehicular communications was 
taken. Many of the circuits and ideas that have been developed in the 
fiel d of electronics and communications appear to lend themselves well 
to the problem of vehicular communications. 
Therefore, the purpose of this project is to investigate the pos­
sibility of an electronic communications system which could be used to 
perform all of the objectives of the previous contributors if possible. 
The system woul d be composed of electronic circuits that have been 
developed and built commercially in integrated form. However, where 
integrated circuits are not commercially  available, standard discrete 
component circuits would be used. This technique, in conjunction with 
modern communication theory developments should produce an efficient and 
highly reliable vehicular communications system. 
The pri�ary objective of the sy tern is to present to a vehicle 
driver information concerning the range and speed of vehicles in front 
of him. This information would assist him in avoiding rear-end colli­
sions with other vehicles. 
A secondary object of the system is to have the capability to be 
expanded to encompass the two othe modes of vehicular communications. 
These are cowmunication from road authority to vehicle and communication 
from vehicle to road authority. Accomplishing the secondary objective 
will also enable the system to communicate with roadside stations, a 
capability which would enable the system to warn drivers of dangerous 
fixed objects and road conditions. 
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Thus, it is the purpose of this project to investigate an inexpen­
sive and dependable electronic vehicular communications system which 
would be able to warn the driver of a vehicle about nearly every danger­
ous situation involved in most highway accidents. And, the system would 
have the capability to be expanded to perform the additional modes of 
communications. This capability may allow the system to be used for 
other types of communications as well as vehicular communications. If 
· possible, the system would communicate enough information for it to 
eventually be used to control directly a portion of the vehicle's con­
trol mechanisms. 
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CHAPTER II 
SYSTEM TYPES CONSIDERED 
In Chapter I the need for a vehicular communications system was ex­
plained, and some of the work that has been done to develop systems that 
would assist in solving the problem of vehicular collisions was described. 
Also a desire to use an electronic system to accomplish these objectives 
was expressed. In this chapter system types considered to communicate 
the desired information will be described and compared. The types of 
systems considered to accomplish the objectives stated in Chapter I can 
be classified under two major headings, single and double unit systems. 
A. Single Unit Systems 
The single unit systems are noncooperative in nature; consequently, 
they would be contained entirely in one vehicle and capable of operating 
independently of other units. The single unit systems must be able to 
detect the presence of other vehicles. The usual manner in which the 
systems could detect the presence of other vehicles requires that the 
systems transmit some form of energy which is reflected back to the 
transmitting.vehicle when it strikes another vehicle. The presence of 
other vehicles could possibly be detected by sensing engine heat or tg­
nition discharge radiation; however, these methods require sensing very 
minute quantities which would make the systems extremely susceptible to 
natural noise. Two types of single unit systems were considered, the 
radar and the laser system. 
1. 'The Radar System 
One of the types of single unit systems considered was a radar 
system.9 The radar system would require a transmitter, a receiver, and 
signal comparison circuitry installed in a vehicle. The transmitter 
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would transmit a form of electromagnetic energy which would strike another 
vehicle. Part of the energy would then be reflected from the other vehi­
cle, and part of the reflected ener§y would strike the receiver located 
in the transmitting vehicle. The signal comparison circuitry would then 
measure the time required for the signal to travel to the reflecting 
vehicle and back to the transmitting vehicle. The frequency of the re­
flected signal would also be compared to the frequency of the transmitted 
signal. 
Since the amount of time required for the signal to travel between 
the transmitting and reflecting vehicles is known, and the velocity of 
signal prop9gation is known, the distance between the two vehicles can 
be determined. Also, since the frequencies of the transmitted and re­
ceived signals are compared and the amount of change in frequency caused 
by the Doppler effect is known, the relative velocity of the two vehicles 
can be determined. One more gambit of information can be determined by 
observing the direction of the incident reflected signal. The direction 
of incidence is obviously the same as the direction of the reflecting 
vehicle. Therefore, the radar system would inform vehicle drivers of 
the range, the direction, and the relative velocity of preceding vehi­
cles. 
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2. The Laser System 
The other type of single unit system considered was a laser sys­
tem.10 The laser system would operate in the same manner and provide 
the driver with the same information as the radar system. The only dif­
ference between the two system types is the form of electromagnetic 
energy transmitted and received. The laser system, instead of  operating 
in the microwave frequency range a� does the radar system, would trans­
mit and receive coherent light energy. Thus, the laser system would 
perform the same functions as the radar system using different signal 
generating, transmitting, and receiving equipment • 
. B. Double Unit Systems 
The double unit systems considered to perform the objectives of  
Chapter I are cooperative systems. In contrast with the single unit 
systems, the double unit systems are not contained in one vehicle. The 
transmitting unit for the double unit systems must be in one vehicle, 
and the receiving must be in another vehicle. 
In operation, the transmitting unit is in a precedi�g vehicle and 
the following vehicle is equipped with a receiving unit. The transmit­
ting vehicle constantly transmits information about its speed. When the 
following vehicle comes within range of the transmitting vehicle, the 
speed of the transmitting vehicle is received by the following vehicle.· 
Obviously, in order to perform the objectives of,Chapter I, every vehi­
cle must be equipped with both the tran�mitting and the receiving part 
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of the double unit system. Three types of double unit systems were con­
sidered: the analog, the· hybrid, and the digital system type. 
1. The Analog System 
One of the double unit system types considered was an analog type 
of system. The analog system would require a transducer to convert speed 
informatio·n into voltage information in the preceding vehicle. The 
transducer could be a direct or alternating current generator attached 
to the vehicle's speedometer shaft. The generator would produce either 
a voltage or frequency that would vary directly with the speed of the 
vehicle. An alternate scheme would be to use a mechanical or photoelec­
tric rotary switch which would produce a set number of pulses with each 
revolution of the speedometer shaft. The pulses could then be fed into 
a conventional tachometer circuit to produce a voltage which would be a 
function of the vehicle's speed. 
The analog system would also require a voltage modulated transmitter 
installed in the preceding vehicle. The transmitter would be modulated 
by the output of the transducer and would transmit the speed of the pre­
ceding vehicle. The transmitter could be either amplitude or frequency 
modulated by the transducer voltage. 
The following vehicle would be equipped with a receiving unit which 
would· receive the signal transmitted from the preceding vehicle. The 
receiver would also demodulate the received signal which would then be 
fed into a converter which would reconvert the demodulated voltage into 
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speed information. The speed information would then be displayed to the 
driver of the following vehicle by a meter. 
· The converter used in the analog system would depend upon the type 
of transducer used in the transmitting unit. If a direct current gen­
erator were used, the converter could be simply an amplifier circuit. 
If an alternating current generator were used, the converter could be a 
frequency metering circuit. 
2. The Hybrid System 
The second double unit system type considered was a hybrid system. 
The hybrid system would be very similar to the analog system described 
abov�; however, it would employ a binary form of modulation. That is, 
the transmitter would transmit just two different signals rather than a 
continuously varying signal. 
The hybrid system would also require a transducer to convert the 
speed information to voltage information in the preceding vehicle. The 
transducer used in the hybrid system could be simply the rotary switch 
described previously. This type of transducer would produce pulses 
whose frequency would vary directly with th� preceding vehicle's speed. 
These pulses could be applied directly to the transmitter. 
An alternate method would be to u�e one of the transducers described 
in co�junction with the analog system. The output o·f the transducer 
could be applied to a pulse width modulation circuit that would produce 
a series of pulses whose width varied directly with the vehicle's ·speed. 
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· ·  The 'transmitter used with the hybrid system would be required to 
transmit only two different states; consequently, it could be of several 
types. One type of transmitter would be an on-off oscillator. Another 
type of transmitter which could be used with the hybrid system would be 
a frequency shift keyed type which would transmit either two ·different 
carrier frequencies or two different modulation frequencies. A third 
type of transmitter which could be used is a phase shift keyed transmit­
ter whose phase is varied one way or the other in order to transmit two 
different states. 
The hybrid system also requires a receiving unit in the following 
vehicle. The receiver would receive the signal transmitted and dis­
criminate it to determine which state was transmitted. 
The output of the receiver would then be fed into a converter cir­
cuit as before to reconvert the pulse information to analog voltage 
information which could be displayed to the driver of the following 
vehicle on a meter. The converter used could be a simple integrating 
circuit if pulse width modulation were used, or it could be a tachometer 
type of circuit if the pulse frequency were varied with speed. 
3. The Digital System 
The third type of double unit system considered was a digital sys­
tem. ·rn the digital system the speed of the preceding vehicle would be 
quantized into discrete units and encoded into binary form. The binary 
code obtained from the encoder would then be put into serial form and 
continuously transmitted from the preceding vehicle. Since no abrupt 
13 
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speed changes will occur, the binary telemetry system could use a slow 
bit rate transmission of information • 
. . The quantizer used with the digital system could b� a binary count­
er which would count the speedometer shaft revolutions for a set period 
of time, or it could be a small shaft encoder attached to the indicator 
of the vehicle's speedometer. Another type of quantizer which could be 
used would be level detecting circuitry which would quantize the output 
of an analog transducer. 
In order to put the output of the quantizer or encoder into-serial 
form, the digital system would require logic circuitry. The logic cir­
cuitry would scan the binary code bit by bit and present the states to 
the transmitter along with information about which bit was being pre­
sented. 
The transmitter used with the digital system could be very similar 
to the transmitter used with the hybrid system because it would be re­
quired to transmit only two states. However, the digital system would 
also require.some method of synchronizing the transmitting and the re­
ceiving units if a synchronou� type of telemetry system were used. 
The receiver in the following vehicle would have to function in the 
same manner as the receiver described in conjunction with the hybrid 
system. It would also have to be able to determine the state that was 
transmitted. The digital system however, would require logic circuitry· 
which is synchronized to the transmitted signal in order to convert the 
received serial data back into the binary code. Once the binary code 
233085 
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has been obtained, the code could be decoded by additional logic cir­
cuitry and the decoded information displayed to the driver as before. 
C. Comparison of System Types 
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One� the various system possibilities have been considered, a com­
parison between them must be made to determine the system type which 
will best perform the desired objectives. Initially, one might tend to 
favor the single unit system over the double unit systems because they 
do not depend upon a cooperative unit in another vehicle. They also 
have the advantage that they can provide more accurate range or spacing 
information than can the doubl e unit systems. Therefore, a comparison of 
the radar and laser systems shall be made. 
1.  Comparison of Single Unit Systems 
Of the two single unit systems considered, the radar system appears 
to have three advantages over the laser system. The first advantage is 
that the radar system could be developed using technology and equipment 
that has been in existence for over twenty years and consequently is well 
developed. The laser system would require the use of laser sources that 
are still in· experimental stages� 
A second advantage that the radar system has over the laser sys�em 
is that the microwave radar signal is not attenuated.in dense fog or 
heavy snow as the laser light signal is; hence, the radar system would 
operate better in adverse weather conditions. 
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The.�hird advantage of the radar system is the cost of the signal 
generating equipment used in the transmitters. The laser source is 
inefficient and more expensive than the microwave source at the present 
time. 
The circuitry used to compare and·decipher the transmitted and re­
ceived signal is complex, but similar for both the laser and the radar 
systems. 
2. Comparison of the Double Unit Systems 
Of the three types of double unit systems considered, the digital 
system has the advantage that it is capable of communicating additional 
information to the driver. Not only can the digital system be used to 
communicate speed information from vehicle to vehtcle, but it can be used 
for vehicle to road and road to vehicle communications more readily than 
can the analog or the hybrid systems. The additional modes of communi­
cation result from the fact that the binary codes can be used for any 
desired type of information. The digital system also has the advantage 
that it would be more immune to noise and interference than the analog 
system. 
The analog and the hybrid systems have a definite cost advantage 
over the digital system because they do not require the logic circuitry. 
However, as the integrated logic circuits become les·s expensive, the 
cost advantage may not be significant. 
Of the three double unit systems, the analog system has the major 
disadvantages. Besides being not easily modified to communicate other 
. .. 
than speed information, the analog system has the inherent instability 
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problem in the transducer and converter circuitry. The instability is 
the.result of direct coupled amplifier drift and the difficulty of keep­
ing voltage reference levels consistent. The stability problem might be 
solved by using an alternating current waveform to carry the speed infor­
mation. If an alternating current waveform were used, the amplifiers 
would not have to be direct coupled✓ however, this would mean that the 
converter circuitry would be expensive, and one could just as well use 
the hybrid system type. 
The hybrid system could be made as inexpensively as could the analog 
system b�cause the transducer could be the simple rotary switch, and the 
transmitter used could be an on-off or frequency shift unit. The cost 
of the analog transducer would be higher. However, the reduced cost of 
the frequency discrimination circuitry used in the hybrid system might 
result in a similar price for the two complete systems. Hence, the an­
alog system and the hybrid system would have a comparable c·ost, but the 
hybrid system would communicate the same amount of information with no 
stability problem. 
The analog and the hybrid systems have a slight advantage over the 
digital· system because they communicate the exact speed of the trans­
mitting vehicle; whereas, the digital system·can only communicate the 
speed in incremental form. However, the increments·can be made as smali 
as desired. 
Therefore, of the double unit systems considered, the digital system 
will communicate more information, be less susceptible to interference, 
and have no stability problem. It will, at the present time, have a 
higher cost. 
3. Comparison of the Radar and the Digital Systems 
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Since the radar system appears to be the best of the single unit 
system types and the digital system appears to be the best of the double 
unit system types, one must compare their respective advantages. The 
digital system has a definite cost advantage over the radar system. The 
cost of the microwave transmitter used in the radar system is much higher 
than the cost of the radio frequency transmitter used in the digital sys­
tem. Also, the cost of the signal comparing circuitry used in the radar 
system is higher than the logic circuitry necessary in the digital sys­
tem. 
The digital system also has the advantage of a lower power required 
to operate it. The lower power requirement of the digital system is a 
result of the one way transmission used rather than the two way trans­
mission and reflection used by the radar system. Another reason for the 
·1ower power requirement of the digital system is that solid state com­
ponents can be used throughout the entire system. 
The digital system also has an advantage over the radar system in 
the amount of information that it can communicate because the radar ?Ys­
tem cannot be easily modified to communicate other than speed, position; 
and distance information. 
The radar system does provide more precise distance information 
than does the transmitter range technique used by the digital system. 
But, for.the purposes of the vehicular communications system, the dis­
tance information need not be so-precise • 
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. �lso, the radar system· is not a cooperative type of system as is 
the digital system. Therefore, it can operate without every -vehicle be­
ing equipped with the system. 
Except for precise distance information and noncooperative operation, 
the digital system has many advantages over the radar system and appears 
to be the best system type to use to accomplish the objectives of Chapter 
I. 
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CHAPTER III 
THE DIGITAL TRANSMITTING UNIT 
Since the need for a vehicular communications system was explained 
in Chapter I, and the digital system was thought to be the best system 
type to use as explained in Chapter II, a digital type of vehicular com­
munications system will be investigated in this paper. This chapter 
will describe the encoding and transmitting units of the digital system. 
A. The Encoder 
When analog data are to be transmitted in digital form, the data 
must be quantized into discrete units; hence, a quantizer is necessary. 
The quantizer must be capable of determining which discrete unit range 
the analog data fall within. Once this is determined, the binary code 
for this discrete unit must be made available for transmission. 
As mentioned in Chapter II, several methods of quantization can be 
used. One method is to convert the analog speed information into analog 
voltage information and use a series of comparator circuits to determine 
which range the voltage falls within. This method requires a transducer 
to convert the speed information into voltage information and a number 
of comparator circuits to determine the voltage range. 
Another quantization method is to simply count �he speedometer 
shaft revolutions in binary form for a period of time. This method 
would require logic circuits to count pulses from a switch which would 
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provide a set number of pulses with each shaft revolution, and a stable 
clock circuit to measure the periods of time. 
Both of the above methods require a lot of electronic circuitry. 
Another method, which would eliminate the electronic circuitry, is to 
use a shaft encoder mounted directly to the speedometer indicator of the 
h. l 11 ve 1c e. By using a shaft encoder, the quantizing and encoding can be 
accomplished dependably and inexpensively. The operation of the encoder 
can be seen in Figure 3-1 .  The encoder pivots about point A along with 
the speedometer indicator. The shaded portions of the encoder represent 
a nonconducting surface, and the unshaded portions of the encoder repre­
sent a conducting surface. Points B, C, and D represent stationary 
brush contact points. As the speedometer indicator pivots, eight dif­
ferent combinations of outputs are obtained on the code output lines. 
For example, in the position shown, point B is contacting a conducting 
surface, and points C and D are not. Therefore, contact point B can be 
at a different voltage level than contact points C and D. The different 
voltage level combinations obtained as the various segments of the en­
coder contact the brush contacts produce the desired binary codes. 
The encoder shown in Figure 3-1 provides three output bits which 
can be used for eight different code words. Three bits were used for 
the purposes of this experiment, not because there is any restriction 
upon the number of bits that can be encoded in this manner, but because 
the three bits will demonstrate the feasibility adequately. Obviously, 
an encoder can be designed to encode as many bits as desired. 
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The encoder shown also incorporates a cyclic binary code rather than 
a natural binary code. Figure 3-2 shows the natural binary code and the 
cyclic binary code used by the encoder. 
NATURAL BINARY CODE 
000 
001 
010 
011 
100 
101 
110 
111 
CYCLIC BINARY CODE 
000 
001 
011 
010 
110 
111 
101 
100 
Figure 3-2. Natural and Cyclic Binary Codes 
Th_e reaso� that the encoder incorporates the cyclic binary code is 
that as the indicator moves, only one bit must switch states between 
adjacent positions. If the natural binary code were used, two bits 
would have to be changed simultaneously when changing between three of 
the adjacent positions. This would require perfect contact brush align­
ment which is impossible. Therefore, the cyclic binary code allows im­
perfect contact brush alignment without resulting in incorrect ·code out­
puts while changing from one position to another adjacent position. 
B. The Transmitting Unit 
Once the speed of the vehicle has been quantized and encoded into 
binary form, the binary coded speed information must be transmitted from 
the vehicle. The binary code cannot be transmitted in the parallel form 
obtained from the encoder; therefore, the code must be converted into 
serial form before transmission fro the vehicle. 
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1. The Serializer 
Figure 3-3 shows a method which can be used to convert the parallel 
binary code into serial form. FFl, FF2, and FF3 are bistable multivi­
brators which will be referred to as flip-flops. The flip-flops are 
connected to form a shift register. When the set switch is operated, 
the Q output of FFl is set to a binary one, and the Q output of FF2 and 
FF3 are set to binary zeros. The binary zero and the binary one will 
hereafter be referred to as simply zero and one respectively. The one 
is shifted into FF2 when the first clock pulse occurs. The next clock 
pulse shifts the one into FF3. The third clock pulse returns the one to 
FFl, and the cycle repeats. When the Q output of FFl has the one on it, 
code input 1 appears at the output of Al. A2 and A3 have zero outputs 
because the Q outputs of FF2 and FF3 are zeros. Hence, the serialized 
output line has the same state as code input 1.  Similarly, code input 2 
appears at the output when FF2 has the one shifted into it, and code in­
put 3 appears at the output when FF3 has the one shifted into it. 
In this manner, the serialized output has the code input appearing 
on it in serial form with each bit appearing for the period of time be­
tween clock pulses. However, this serializer does not provide any syn­
chronization information; consequently, nothing at the output provides 
any information about which code bit is being presented. This problem 
can be solved by adding another flip-flop in the shift register. 
The serializer shown in Figure 3-4 operates in exactly the sa�e 
manner as does the serializer shown in Figure 3-3 except that when the 
one is shifted into FF4, synchronization information appears at its 
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output line. With this serializer, one knows that the first bit out­
putted after the synchronization pulse occurs is the code input 1, the 
second is the code input 2, and the third is the code input 3. 
The serializer shown in Figure 3-4 uses AND and OR  l ogic gates. 
Since most o f  the commercially available logic gates are of the NAND and 
NOR type, one could investigate the possibility of using NAND gates. If 
one denotes code inputs 1, 2, and 3 as X, Y, and Z respectively, and the 
outputs of the AND gates Al, A2, and A3 as L, M, and N respectively, one 
can write the following logic equations . 
Since, 
Output = L + M + N 
L = FFl • X  
M = FF2 · Y 
N = FF3• Z 
( 3-1) 
( 3-2)  
( 3-3) 
( 3-4)  
One can substitute Eq. 3-2, Eq. 3-3, and Eq. 3-4 into Eq. 3-1 and ob­
tain, 
Output = FFl • X + FF2 • Y + FF3 • Z 
Applying DeMorgan's Law one obtains, 
Output = FFl • X • FF2 • Y • FF3· Z 
( 3-5) 
( 3-6 )  
From Equation 3-6, one can see that the same l ogic function can be 
obtained by using NAND gates. A serializer using NAND gates in this 
manner is shown in Figure 3-5.  
Once the speed information has been encoded and put into serial bi­
nary form, it must be transmitted- in some manner. Various possibilities 
were investigated to accomplish the transmission of the serialized data. 
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2. The Audio Oscillator 
One possibility considered was to frequency shift or to frequency 
modulate a radio frequency carrier with the binary zeros and ones , and 
to amplitude modulate the carrier with the synchronization information. 
This method was abandoned for a number of reasons. First , amplitude 
modulation is far more susceptible to natural interference and to igni­
tion interference than is frequency modul ation; therefore , amplitude 
modulation of the synchronization information was not thought to be the 
best approach to use. Secondly , if part of the information is frequency 
modulated and the other part of the information is amplitude modulated , 
additional circuitry is necessary because one must first modulate the 
frequency of an oscillator and then feed its output through an amplitude 
modulation circuit. Thirdly , the receiver used with this system would 
be required to have both an amplitude detector and a frequency discrimi­
nator. Thus , the additional circuitry required in both the transmitting 
and r�ceiving units would increase the system cost and complexity. 
Another possibility investigated was that of transmitting the syn­
chronization information as a code word; however , the l ogic circuitry 
necessary to _ produce and decipher this form of synchronization informa­
tion would also increase the cost and complexity of the system. 
A third possibility investigated was that of us�ng audio frequency 
signals to frequency modulate the carrier. Three audio frequency sig­
nals could be used to transmit the binary zero , the binary one , and the 
synchronization information. This method of transmission has many ad­
vantages. First , it utilizes only frequency modulation , and therefore 
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t�kes advantage of the better noise and interference characteristics of 
frequency modulation. Secondly, it does not require the additional am­
pl itude modulator circuit at the transmitter and the ampl itude detector 
circuit at the receiver. Also, the use of the audio frequencies to 
carry the information has advantages that will be explained later. 
The three audio frequencies required to modulate the transmitter 
could be obtained from three audio_ oscil lators; however, if a voltage 
controlled oscillator were used one could el iminate two of the audio 
oscillator circuits. A voltage controlled oscillator that would oscil­
late at three audio frequencies would require three stable voltage 
levels to produce three stable frequencies. To obtain three stable 
voltage levels from the serial izer would require additional logic cir­
cuits and voltage references; therefore , the possibi l ity of changing the 
frequency of an audio oscillator with two separate inputs was investi­
gated. 
The oscillator investigated was of the phase shift type.12 A phase 
shift type of oscillator was investi gated because it produces ? sine 
wave osci llation in the audio frequency range without large inductors 
and because the frequency of oscil lation can be changed by varying the 
time constant of the resistive and capacitive feedback network. 
Figure 3-6 shows a phase shi ft oscillator with Q2, Q3, and Re added · 
to the co11ventional circuit. The circuit would oscillate at a frequency 
determined by the values of R and C when Q2 and Q3 were in  cutoff. How­
ever, when Q2 or Q3 was in its saturated state, · the resistance of R 
would .be paralleled by the resistance of Re in one leg of the phase 
o +Vcc 
I O OlITPUT 
R 
1 
C 
Q3 
Figure 3-6 . Variabl e Frequency Osc i l l ator 
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C 
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w 
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shift network. Hence, the frequency of oscil lation would change. If 
both Q2 and Q3 were in their saturated state, the value of R in both 
legs of the phase shift network would be paral leled by Re and the fre­
quency of oscil lation would be further varied . This circuit; however, 
exhibited large output level changes at the different frequencies be­
cause the feedback level did not remain constant . 
3 1  
It was found that a circuit of the type shown in Figure 3-7  could 
be used to el iminate the feedback level problem. This circuit operates 
by adding additional resistance and capacitance ·at the same time, and 
thereby keeps the feedback level fairly constant . This circuit was 
therefore capable of sustaining oscil lations over a wider frequency 
range. 
Thus, a circuit was available which would oscil late at one frequency 
if both inputs were at a low voltage level, another frequency if one in­
put was at a high voltage level, and a third frequency if both inputs 
were at a high voltage level.  The circuit also has an advantage that, 
unlike a voltage control led oscil lator, it does not require critical 
voltage levels for stable oscil lation frequencies. The circuit's sta­
bility is a result of operating the transistors that switch in the addi­
tional resistance and capacitance in either the saturation or cutoff 
mode; hence the voltage levels are not critical.  The voltage level s· 
need only be such that the low voltage level is low �nough to keep the 
switching transistors Q2 and Q3 in cutoff, and t�e high voltage level 
need only be such that it is high enough to drive the switching transis­
tors into saturation. 
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In order to obtain the desired inputs to the audio os cillator, the 
serializer was modified as shown in Figure 3-8. The additional NAND gate 
used in this serializer places a high voltage level on both output lines 
whenever a synchronization pulse occurs. When the synchronization period 
is over, the serializer operates exactly as before. By connecting the 
output lines of this serializer directly to the three frequency audio 
oscillator, the desired result wilt be obtained. That is, for zero code 
inputs the oscillator will oscillate at a high audio frequency, for one 
code inputs the oscillator will oscillate at a middle audio frequency, 
and for the synchronization period the oscillator will oscillate at a 
low audio frequency. 
3. The Transmitter Clock 
The clock circuit necessary for the serializer was considered after 
the audio oscillator used was determined. The clock pulse frequency 
must be slow enough to allow a few cycles of each audio frequency to 
elapse. Unless  sufficient time is allowed for each audio frequency 
pulse, difficulty can be expected with the frequency discrimination cir­
cuitry used in the receiving unit. Also, since no abrupt speed changes 
will occur, a slow bit rate can be used. Consequently, a clock rate of 
one hundred cycles per second was selected. 
An astable multivibrator circuit was chosen for the clock circuit ·­
because it generates the neces sary fast falling wpveform and because of 
its simplicity. The type of circuit used is shown in Figure 3-9. 
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4. The Frequency Modulated Oscillator 
The remaining part of the transmitting unit is the transmitter, a 
frequency modulated oscillator. For the purposes of this project, it 
was decided to use a fr equency modulated oscillator which operates in 
the commercial frequency modulation band. This would allow the use of a 
commercial frequency modulation receiver. The two types of oscillators 
investigated are shown in Figures 3-10  and 3-1 1 .  Both oscillators are 
of the Colpitts type, but they have different bias configurations. The 
oscillator shown in Figure 3-1 1 functioned better because it produced a 
larger output voltage, was easier to modulate, and required fewer compo­
nents. The Miller effect modulation employed, produces a transmission 
signal with good frequency modulation using the output signal of the 
circuit shown in Figure 3-1 1, and very little amplitude modulation occurs 
in the circuit. 
Since the system is to be applicable to vehicular communications, 
the supply voltage available will be twelve volts. Hence, the circuits 
must be operated from a single twelve volt supply to eliminate the addi­
tional cost of a power converter. In addition to the power supply re­
quirement, the serializer and the audio oscillator input voltage levels 
must be compatible. The audio oscillator and the . fr equency modulat�d 
oscillator must al�b  have compatible voltage levels • . 
Once the voltage level requirements are met, the encoding and trans­
· mitting units will encode the vehicle's speed, convert it into serial 
form, and transmit it continuously. Thus,  the digital transmitting unit 
will be functioning as desired . 
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CHAPTER IV 
THE DIGITAL RECEIVING UNIT 
In Chapter III, a digital transmitting unit which transmitted speed 
and synchronization information using audio frequency signals to fre­
quency modul ate a radio frequency carrier was described. The transmit­
ted signals were to be received by using a commercial frequency modula­
tion . receiver. The receiver is the first stage of the receiving unit 
which will be described in this chapter. Once the audio frequency sig­
nals are recovered , a method to return them to a binary code and to de­
code them is necessary. Therefore, in this chapter, a receiving and a 
decoding unit will be investigated. 
A. The Receiving Unit 
The three audio frequency signals recovered by the commercial fre­
quency modulation receiver must be fed into circuitry which will deter­
mine which of the three frequencies was received. Several methods of 
determining which frequency was received were investigated. 
One method investigated used three tuned circuits which were tuned 
to the three audio frequencies. When the received audio frequency sig­
nal was applied to the tuned circuits, oscillations would occur only - in 
the circuit which was tuned to the received audio frequency. 
Another method which operated in the same manner as the circuits 
described above used phase shift oscil lators whose frequencies of oscil -
. . 
lation were the same as the audio frequencies received. The amount of 
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feedback used in the oscillators would be adjusted to just below the 
point where sustained oscillations would occur. Then, when the oscilla­
tors were pumped by the received audio signal, the oscillator tuned to 
that frequency would oscillate . This method has an advantage over the 
tuned circuit approach because it does not require the large inductors 
and capacitors necessary for an audio frequency tuned circuit. Both 
methods, however, have the disadvaDtages that they cannot discriminate 
between harmonic frequencies and that they require time for the oscilla­
tions to build up to a detectable level. 
Another approach investigated was the use of a monostable multivi­
brator triggered by the audio frequency signal followed by an integrating 
circuit to determine the average or direct current voltage level of the 
monostable multivibrator output. Level detector circuits would then be 
employed as decision devices to determine the received frequency; hence 
they would output the received information . This method was selected 
because it does not require large inductors or capacitors, and it can 
discriminate between harmonic frequencies. 
The operation of this type of circuitry can be seen mathematically 
if one makes the following assumptions. Assume that the audio frequen­
cies used ar� two, three, and four thousand cycles per second, and that 
the monostable multivibrator has an ON time of one tenth of a millisec­
ond. Assume also that the monostable multivibrator is triggered once 
each cycle by al l of the received audio frequenc! es. Then one can write, 
D. c .  Level 1 == 
f P1 
l/P1 
O 
A [u_:1 ( t )  - u_ 1 ( t  - 10-
4
� dt ( 4 -1) 
D .  C .  L eve 12 = 1 /P 2 l P 2 A G _ 1 ( t ) - U _ 1 ( t - 1 o-4 � d t 
D . c .  L evel 3 = l/P3 lp\G_ 1 { t ) - u_ 1 ( t  - 1 0-4 � dt 
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( 4-2 ) 
( 4-3 )  
where the D. C .  Levels are the average or direct current voltage levels, 
P1, P2, and P3 are the periods of the audio frequencies, A is the ampli­
tude of the monostable  multivibrator output, and u_ 1 ( t )  is the unit step 
function . 
Since the above integrands are zero except between t = 0 and t = 
10-
4
, one can eliminate the unit step functions by changing the limits 
of integration. Hence, one has, 
Integrating 
Since, 
D .  C .  L ev e l l - l/P1 Sa l O-\ A ) dt 
D . C .  L ev el 2 = l/P2 Sa
l 0-4
( A ) dt 
D . c .  L evel 3 = 1/P3 Jo
1 0
-4
( A ; dt 
Equations 4-4, 
D. 
D .  
D .  
4-5, and 4-6 one obtains, 
c .  
c. 
c .  
Level 1 = ( A ) lo-
4/P1 
Level2 == (A ) lo
-4/P2 
Level3 = ( A ) lo
-4/P3 
P = 1/2000 
1 
P - 1/3000 2 -
( 4 -4 )  
( 4-5) 
( 4-7 ) 
( 4-8 )  
( '4-9) 
( 4-1 0 )  
( 4- 1 1 ) 
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P3 = 1/4000 ( 4-12 ) 
One can substitute the values for P1, P2, and P3 into Equations 4-7, 4-8, 
and 4-9 to obtain, 
D .  c .  Level 1 = 0. 2A ( 4-13) 
D .  c .  Level 2 = 0 . 3A ( 4-14 )  
D .  c .  Level 3 = 0. 4A ( 4-15 ) 
· Thus, if one assumes an amplitude of ten volts for the monostable 
multivibrator output, A will equal ten, and the audio frequencies will 
produce an average or a direct current voltage of two, three, or four 
volts depending upon the audio frequency received. Figure 4-1 shows 
graphically the voltage waveforms concerned in the above equations. 
1. The Schmitt Trigger 
To obtain proper triggering of the monostable multivibrator, and to · 
maintain the audio signal amplitude at a constant level, a Schmitt trig­
ger circuit was used. The output of a commercial frequency modulated 
receiver was connected to the Schmitt trigger. The squared voltage wave­
form obtained was then used to trigger a monostable multivibrator. The 
Schmitt trigger circuit type used is shown in Figure 4-2. 
2. The Monostable Multivibrator 
The monostable multivibrator shown in Figure 4-3 operates on a sin­
gle positive power supply. It was necessary to use an ON time which was 
shorter in duration than the period of the highest audio frequency. If 
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the ON time were longer than the highest audio frequency's period, the 
monostable multivibrator would not be able to trigger on every cycle of 
the audio frequency. Hence, the average voltage level would not be ob­
tained as desired. 
The output of the monostable multivibrator must be applied to a 
·circuit which will output the average voltage level. The circuit chosen 
for this purpose was the level translator shown in Figure 4-4. 
3. The Level Translator 
The low pass filter shown at the input of the level translator 
serves to integrate the signal obtained from the monostable multivibra­
tor. The time constant of this filter must be slow enough to integrate 
the voltage pulses from the monostable multivibrator and fast enough to 
change levels at the clock rate. The integrated voltage level is then 
applied to the emitter follower circuit to drive the rest of the level 
translator circuitry without loading the integrator. The output of the 
emitter follower is applied to a series of forward biased diodes to drop 
the voltage level to the value required by the level detectors. The 
other two emitter followers used in the level translator circuit simply 
pick off the proper voltage level and drive the level detectors without 
loading the preceding circuitry. 
4. The Level Detectors 
The outputs of the level translator _are applied to circuits which 
determine what voltage level was produced by the audio frequency fed 
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into the level translator. In this manner the audio frequency received 
is determined. The Schmitt trigger circuit shown in Figure 4-2 was used 
as the level detector because of its simplicity and because it changes 
states abruptly whenever its input is changed beyond its triggering 
point. 
The output of the two Schmitt trigger level detectors can be seen 
to correspond to the binary and synchronization information transmitted. 
If the high frequency was received, the level detectors will trigger be­
cause the level translator ' s  outputs wil l be at high voltage levels. If 
the middle frequency was received, the level translator's outputs will be 
such that one will trigger a level detector and the other will  not. If 
the low frequency was received, the level _ detectors wil l not trigger be­
cause the level translator ' s  outputs wil l both be at a low voltage level. 
In this manner, the information contained in the audio frequency 
waveform will appear at the output of the two level detectors. Of 
course, the information will appear in an inverted form . Obviously, the 
level detector that is OFF only when the low frequency audio signal is 
received outputs the synchronization information, and the other level 
detector outputs the serial binary code. 
5. The Deserializer 
Once the synchronization and binary code pulses are obtained from 
the level translators, logic circuits must be used to deserialize the 
binary code. The circuit shown in Figur� 4-5 was used to deserialize 
the code. When the synchronization pulse occurs, FF4 is set to a one 
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and FFl, FF2, and FF3 are set to zeros. The shift register operates in 
exactly the same manner as does the shift register used in the serial­
izer. The binary code appears in FF5, FF6, and . FF?. The serialized 
code input is applied to the RQ inputs o f  the flip-flops, and then it is 
inverted and applied to the SQ inputs of  the flip-flops. Thus, when the 
code is applied to these inputs, the flip-flops can be set to the state 
o f  the applied code when a trigge� signal is applied to the C inputs. 
Therefore, when FFl has the one shifted into it, the first code bit is 
received, and FF5 is set to correspond to that bit. As the one is 
shifted through FF2 and FF3, the second and third code bits �ppeai: 
. i . 
FF6 and FF7 respectively .  Therefore , the binary code word appears in 
parall el form at the output of the deserializer. 
6. The Receiver Cl ock 
The clock used with the deserializer circuit is shown in Figure 4-6. 
This clock is very similar to the clock used in the transmitting unit; 
however, Q3 has been added. The function of Q3 is to synchronize the 
receiver clock to the transmitter clock. When a synchronization pulse 
is received, Q3 shorts the output of  the receiver clock and discharges 
c2 • When the synchronization pulse is over, the clock operates normally 
and is synchronized to the transmitting unit clock. This assures that 
the pulses which allow FF5, FF6, and FF7 to · be set arrive at the proper 
time. 
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B. The Decoder 
Once the receiving unit has returned the received information to 
binary form, the binary code must be decoded, and the information dis­
played . The type of decoded used is shown in Figure 4-7. The three di­
odes on each output line of the flip-flops form a three input AND gate. 
For example, if FF5, FF6, and FF? have zeros on their Q outputs they 
will have ones on their Q outputs; hence, none of the three diodes on 
the first output line will be clamped to a low voltage, and Ll will be 
ON. The same thing occurs for each of the other code words; when they 
appear on the flip-flops, each will light its respective lamp. Hence, 
the ou½put of the decoder display is exactly the same as the input of 
the encoder, and the communications system is complete. 
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Figure 4-7. Decoder 
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CHAPTER V 
RESULTS AND CONCLUSIONS 
In Chapter III and Chapter IV, a digital vehicular communications 
system which was to be used to communicate speed information from vehicle 
to vehicle was described. The system was constructed, and the actual 
circuit component values are showr r in Appendix One. In this chapter the 
operation of the complete system will be described; it will be shown that 
the digital communications system has application in other than communi­
cating vehicle speed information, and suggestions for further study will 
be made. 
A. Complete System Operation 
The operation of the complete system can be more easily visualized 
by referring to Figures 5-1 and 5-2. Figure 5-1 shows a block diagram 
of the digital encoding and transmitting unit, and Figure 5-2 shows a 
block diagram of the digital receiving and decoding unit. An example of 
the voltage waveforms produced in the transmission and reception of one 
of the code words is shown in Figure 5-3. The figure shows a sample 
timing d iagram for one cycle of code information. This figure assumes 
that the output of the encoder is 010. The first graph shown in the 
figure displays the output of the serializer's serialized output. As 
can be seen, the output is at a low voltage level ' for the zeros anq at a 
high voltage l evel for the one and the synchronization period. The syn­
chronization period is the time between the third and fourth clock pulse 
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shown. The second graph in Figure 5-3 shows the synchronization pulse 
obtained at the synchronization output of the serializer. 
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When the serializer outputs are applied to the audio oscillator, the 
waveform shown for the audio oscillator output is obtained. This wave­
form is then used to frequency modulate the transmitter oscillator. The 
audio oscillator output waveform is then received by the co:nmercial fre­
quency modulation receiver. The actual transmitted signal is not shown 
in the timing diagram because of the high frequency carrier involved. 
Also, the output of the commercial frequency modulation receiver is the 
same as the output of the audio oscillator shown. Therefore, no addi­
tional graph was drawn to show the receiver output. 
Once the received audio signal is squared by the Schmitt trigger, 
it is used to trigger the monostable multivibrator. The output of the 
monostable multivibrator is shown in the fourth graph of Figure 5-3. 
�he output of the level translator is simply the output of the monostable 
multivibrator integrated. When the output of the level translator is 
applied to the two level detectors, the waveforms shown are obtained. 
One of the waveforms has the same information to present to the deserial­
izer that was produced at the serializer, only, this information is in 
inverted form. The other level detector has the inverted synchroniza­
tion information. The deserializer and decoder then return the infor­
mation to the same speed information that was encoded at the transmitter. 
As mentioned previously, the voltage supply �evels required for each 
part of the system were not the same. It was found that the integrated 
circuits operated best from a supply voltage of between five and six 
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Figure 5-3. Sample Timing Diagram 
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volts. Also, since the integrated logic circuits used were high speed 
circuits, voltage transients on the supply voltage were capable  of up­
setting the shift registers. This problem was solved by using a zener 
diode to regulate the supply voltage to the logic circuits. 
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Another part of the system which required zener regulation of the 
supply voltage was the circuitry that processed the received audio sig­
nal. A single zener diode was used to regulate the supply voltage of 
the Schmitt trigger, the monostable multivibrator, the l evel translator, 
and the two l evel detector circuits. 
Also, the clock circuit supply voltages were zener regulated to pro­
duce stable and optimal voltage clock pulses. Furthermore, supply volt­
age fluctuations can cause frequency fluctuations in an astable multi­
vibrator circuit; therefore, a regulated supply voltage was desirable. 
The audio frequencies used in the actual circuit shown in Appendix 
One were approximately 3600, 4700, and 6300 cycles per second, and the 
transmitter clock provided approximately one hundred cycles per second. 
Thus, enough time was allowed for each audio frequen�y to go through 
enough cycles for the integrator to determine the average voltage level. 
It was found that some ripple should be allowed at the output of the in­
tegrator circuit. By allowing a fair amount of ripple, the integrator 
circuit would change voltage levels faster, and it would eliminate the 
hysteresis problem inherent in the Schmitt trigger level detectors. 
Therefore, the proper amount of ripple to al low is that amount which will 
lie between the upper and the l ower trigger points of the Schmitt trigger 
circuits used as the level detectors. 
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It was also found that the output voltage levels of the level trans­
lators were not compatible with the necessary voltage input levels of the 
integrated logic circuits used in the deserializer. Therefore, a buffer 
stage was added to the level detectors as shown in the actual circuit 
used as a level detector in Appendix One. 
The system was built on two boards using plug-in connectors for the 
integrated circuits, the transistors, and the encoding and decoding 
units. The transmitter board contained three switches which were used 
to set a binary code word manually, and the receiver board contained 
three lamps and lamp driver circuits to display the binary code word 
when the encoder and decoder units were not in use. Photographs of th9 
boards are included in Appendix One • 
. The entire system operated exactly as expected. The only problem 
encountered with the system was that of the commercial frequency modula­
tion receiver used. It was found that the receiver had to be careful ly 
tuned to the transmitter frequency and that the treble  control had to be 
entirely up. Otherwise, the receiver would not output the transmitted 
audio signal properly, and the receiving unit would not output the proper 
code word. 
With the encoding and decoding units plugged into the system the 
digital communications system operated as expected. It  would display 
the same output on the decoder that was input to the encoder. 
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B. Additional System Capabilities 
Although the system was constructed using only three bits of trans­
mitted information, there is no reason not to extend the number of bits 
transmitted to any number desired. All that is necessary to extend the 
number of bits transmitted and received is to add additional flip-flops 
in the shift register and additional NAND gates to the serial izer to en­
able it to serialize more than three bits. Also, the deserializer can 
be extended to deserialize more than three bits by adding additional 
flip-flops to the shift and buffer registers. In this manner the entire 
system can be extended to operate using as many bits as desired. Con­
sequently, the system could be used to transmit more than speed infor­
mation from vehicl e to vehicle. 
The extended digital system could be used to communicate not only 
from vehicle to vehicle, but also from road to vehicle and from vehicle 
to road. To accomplish the additional modes of communications, one could 
place transmitting units and receiving units along the roadside. For 
example, the transmitting units could be placed along the roadside in­
stead of or in addition to conventional highway signs. Thus, when a ve­
hicle came �ithin range of a roadside transmitter, it would receive the 
transmitted code word which could be used to represent such information 
as left curve ahead, right curve ahead, stop ahead, · or any other warning 
information desired. In  this manner drivers could be made aware of dan­
gerous road conditions on a panel inside the vehicle. 
The vehicle to road communications could be used by reserving code 
words for various vehicle conditions which could be transmitted to the 
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roadside receivers and relayed to road authority. In this manner a ve­
hicle driver would be able to communicate such information as flat tire, 
engine trouble, accident, and any other desired conditions to the proper 
authorities. 
Therefore, the objectives of a vehicular communications system 
stated in Chapter I have been met. However, the digital system has more 
capabilities which may not even be related to vehicular communications. 
That is, since the system uses audio frequencies to transmit the digital 
information, the system could be used to transmit and receive digital 
information over conventional telephone cables. Therefore, the system 
could be operated without the frequency modulated transmitter and the 
frequency modulation receiver to communicate digital information from 
point to point. 
The system investigated used a very slow bit rate; however, the 
clock could be made to operate at a higher frequency as could the audio 
oscillator. Consequently, the bit rate could be increased. Hence, the 
system could be used for purposes requiring a higher bit rate. 
The high reliability desired was also obtained by using the solid 
state components throughout the system. The use of solid state compo­
nents not only assured high reliability, but they also kept the system 
power requirements low and the system cost down. 
Therefore, the purposes of this paper and the objectives of Chapter· 
I have been met satisfactorily by the digital communications system. 
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C. Suggestions for Further Study 
In investigating the system described in this paper, several ques­
tions came to mind. These questions may warrant more study. 
1. What will determine the proper carrier frequency to use for the 
digital transmitter? 
2. How many bits can the system be extended to communicate without 
a synchronization problem? 
3. What type of antennas should be used for the vehicle to vehicle 
communication mode of operation? 
4 .  Can the system operate where more than one lane of traffic is 
involved without transmitters interfering with each other? 
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F igure A-13 . Transmitting Uni t  Bo ard Pho tograph 
Figure A-14. Receiving Unit Board Photograph 
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